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Abstract
The authors performed a study of bone mass in eutrophic Brazilian
children and adolescents using dual-energy X-ray absorptiometry
(DXA) in order to obtain curves for bone mineral content (BMC) and
bone mineral density (BMD) by chronological age and correlate these
values with weight and height. Healthy Caucasian children and ado-
lescents, 120 boys and 135 girls, 6 to 14 years of age, residents of Sªo
Paulo, Brazil, were selected from the Pediatric Department outpatient
clinic of Hospital Sªo Paulo (Universidade Federal de Sªo Paulo).
BMC, BMD and the area of the vertebral body of the L2-L4 segment
were obtained by DXA. BMC and BMD for the lumbar spine (L2-L4)
presented a progressive increase between 6 and 14 years of age in both
sexes, with a distribution that fitted an exponential curve. We identi-
fied an increase of mineral content in female patients older than 11
years which was maintained until 13 years of age, when a new
decrease in the velocity of bone mineralization occurred. Male pa-
tients presented a period of accelerated bone mass gain after 11 years
of age that was maintained until 14 years of age. At 14 years of age the
mean BMD values for boys and girls were 0.984 and 1.017 g/cm2,
respectively. A stepwise multiple regression analysis of paired vari-
ables showed that the vertebral area-age pair was the most signifi-
cant in the determination of BMD values and the introduction of a
third variable (weight or height) did not significantly increase the
correlation coefficient.
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Introduction
The increase of the life span in develop-
ing countries has made osteoporosis a major
health issue, as already observed in devel-
oped countries (1). The problems concern-
ing the control of loss of bone mass after
adulthood, which is a characteristic of this
disease, have raised increased interest re-
garding prophylactic procedures, such as the
achievement of an adequate bone mass peak
(2,3), since the bone mass present at any time
during adulthood is the ratio between the
amount obtained during adulthood and the
loss caused by the aging process (4).
Despite the different opinions about the
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period when this bone peak is reached (5-8),
there is general agreement that the peak of
the bone mineral density (BMD) is acquired
up to the end of puberty (9-11), a fact that has
caused a rise of interest in the study of bone
mineral content (BMC) during childhood
and adolescence.
Dual-energy X-ray absorptiometry
(DXA), with its low radiation dose and high
accuracy and precision, has been extensively
employed to measure bone mass in children
and adolescents.
The authors performed a study of bone
mass in eutrophic children and adolescents
using DXA in order to obtain curves for
BMC and BMD according to chronological
age which would allow later comparisons
with groups of children and adolescents with
diseases or other osteopenia-inducing con-
ditions and to correlate these values with
anthropometric data.
Material and Methods
Healthy Caucasian children and adoles-
cents, 120 boys and 135 girls aged 6 to 14
years, residents of Sªo Paulo, Brazil, were
selected from the Pediatric Department of
Hospital Sªo Paulo (Universidade Federal
de Sªo Paulo), from May 1995 to January
1998, and invited to take part in this study.
The exclusion criteria were history of endo-
crinopathy, nephropathy, gastroenteropathy,
or rheumatic diseases, bronchial asthma, mal-
nutrition, short stature (below the 10th per-
centile), obesity (more than 120% of weight
for height), premature birth, prolonged im-
mobility period (more than two weeks), his-
tory of two or more accidental fractures or
one pathological bone fracture, and treat-
ment with corticosteroids or other drugs that
affect bone metabolism.
All children were assessed clinically by a
pediatrician (author A.S.M. Fonseca). Weight
and height were measured with an electronic
scale and a wall anthropometer.
BMC (g), BMD (g/cm2), and the area of
the vertebral body of the L2-L4 segment
(cm2), were measured with a commercially
available DXA unit (DPX, Lunar Radiation
Corp., Madison, WI, USA) using a medium
mode scan. BMD was measured only in the
lumbar spine because evaluation of the femo-
ral neck may be biased due to the presence of
growth cartilage and to the technical diffi-
culties related to positioning this age group.
Statistical analysis
The Kruskal-Wallis test was used to com-
pare the values of BMD, BMC, vertebral
area (VA), weight and height between gen-
ders. Multiple linear regression analyses of
BMD, BMC, VA (L2-L4), weight, height
and age, with BMC and BMD as dependent
variables, were performed by the stepwise,
forward and backward methods. The statisti-
cal package SPSS/PC was used to process
the data. The level of significance was set at
0.05.
Results
The mean values of BMC, BMD, VA
(L2-L4), weight and height for age and gen-
der with their standard deviations are shown
in Tables 1 and 2.
BMC and BMD for the lumbar spine (L2-
L4) showed a progressive increase between
6 and 14 years of age in both sexes, present-
ing a distribution that fitted an exponential
curve (Figures 1 and 2). This distribution
showed that the increase in bone mass was
not steady, with periods of distinct rates of
bone mineralization being observed.
Girls aged 6 to 10 years presented a
period of slight increase in bone mass. We
identified an increase of mineral content in
girls older than 10 years which was main-
tained until 13 years of age, when a new
decrease in the velocity of bone mineraliza-
tion occurred.
Boys also presented an initial period of
less intense mineralization that continued
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until 11 years of age, followed by a period of
accelerated bone mass gain that was main-
tained until 14 years of age.
A significant difference between the BMD
at 6 years and BMD at 11 years and older
was observed in both sexes (H observed =
98.1 and 62.7 for girls and boys, respec-
tively; H critical = 15.5; P<0.05).
The values of BMD between 6 and 14
years of age increased by 54 and 59% in boys
and girls, respectively. At 14 years of age the
mean BMD values were 0.984 and 1.017 g/
cm2, which corresponds to 81 and 85% of
the expected bone density for Brazilian Cau-
casian men and women between 35 and 40
years of age, respectively (12).
Analysis of the relationship between
weight and height and bone mass showed a
striking correlation between BMC and the
following variables: VA (r2 = 0.91 and 0.87
for females and males, respectively), weight
(r2 = 0.73 and 0.69, respectively) and height
(r2 = 0.70 and 0.76, respectively). However,
after adjustment for VA and age, weight and
Table 1 - Weight, height, vertebral area (L2-L4), BMC and BMD according to age, in females (N = 134).
BMC = Bone mineral content; BMD = bone mineral density. Data are reported as means ± SD. Kruskal-Wallis
test: H observed = 98.1; H critical = 15.5 (P<0.05). Multiple comparison test: 6 years<11,12,13,14 years, 7
years<12,13,14 years, 8 years<12,13,14 years, 9 years<12,13,14 years, 10 years<13,14 years.
Age N Weight (kg) Height (cm) Vertebral BMC (g) BMD (g/cm2)
area (cm2)
6 8 22.21 ± 2.81 118.6 ± 3.2 19.38 ± 1.7 12.37 ± 1.74 0.640 ± 0.035
7 8 27.11 ± 4.54 127.4 ± 7.9 22.83 ± 2.7 15.44 ± 2.22 0.670 ± 0.076
8 17 31.10 ± 4.91 128.9 ± 3.7 23.07 ± 2.26 16.88 ± 3.22 0.725 ± 0.075
9 19 32.21 ± 4.00 134.3 ± 4.3 24.32 ± 2.96 17.76 ± 2.96 0.728 ± 0.050
10 16 36.41 ± 4.78 139.9 ± 4.6 26.07 ± 3.09 19.47 ± 3.25 0.745 ± 0.067
11 18 38.26 ± 3.76 145.7 ± 6.1 28.40 ± 4.27 24.65 ± 6.44 0.857 ± 0.117
12 15 44.35 ± 4.09 147.4 ± 5.4 32.43 ± 3.33 28.51 ± 4.88 0.875 ± 0.086
13 15 48.15 ± 4.10 156.3 ± 4.9 35.12 ± 2.23 36.54 ± 4.23 1.040 ± 0.095
14 19 49.35 ± 6.48 155.5 ± 5.9 37.05 ± 3.41 37.79 ± 5.92 1.017 ± 0.106
Table 2 - Weight, height, vertebral area (L2-L4), BMC and BMD according to age, in males (N = 120).
BMC = Bone mineral content; BMD = bone mineral density. Data are reported as means ± SD. Kruskal-Wallis
test: H observed = 62.7; H critical = 15.5 (P<0.05). Multiple comparison test: 6 years<11,12,13,14 years, 7
years<12,13,14 years, 8 years<12,13,14 years, 9 years<13 years.
Age N Weight (kg) Height (cm) Vertebral BMC (g) BMD (g/cm2)
area (cm2)
6 10 23.12 ± 2.88 117.9 ± 3.1 19.38 ± 1.70 12.28 ± 1.74 0.641 ± 0.059
7 14 26.38 ± 2.31 128.6 ± 4.4 23.19 ± 2.33 14.98 ± 1.89 0.660 ± 0.059
8 19 28.25 ± 2.76 128.9 ± 3.9 22.77 ± 1.48 15.93 ± 1.31 0.700 ± 0.042
9 12 32.07 ± 4.60 134.1 ± 4.9 26.27 ± 2.41 18.72 ± 2.61 0.711 ± 0.056
10 17 33.04 ± 4.13 138.0 ± 2.4 25.68 ± 2.74 18.91 ± 2.51 0.725 ± 0.064
11 17 38.45 ± 5.98 147.6 ± 5.6 29.30 ± 2.98 22.16 ± 3.55 0.756 ± 0.068
12 11 39.02 ± 3.63 147.4 ± 5.4 30.47 ± 3.19 22.17 ± 4.10 0.825 ± 0.073
13 16 47.77 ± 8.67 156.3 ± 8.6 33.58 ± 4.74 29.81 ± 7.20 0.890 ± 0.142
14 4 55.02 ± 4.24 162.0 ± 5.9 37.05 ± 3.41 37.59 ± 7.41 0.984 ± 0.134
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height did not show an additional effect on
BMC, as demonstrated by multiple regres-
sion analysis and for this reason we chose
the regression equation that considers VA
and child age (BMC = -17.468 + 1.246 VA +
0.618 age, r2 = 0.92 for girls and BMC =
-12.102 + 1.059 VA + 0.423 age, r2 = 0.87
for boys).
A less intense, though equally important,
correlation was observed for BMD com-
pared to BMC: VA (r2 = 0.68 and 0.52 for
females and males, respectively), weight (r2
= 0.62 and 0.45, respectively) and height (r2
= 0.59 and 0.49, respectively). During the
stepwise multiple regression analysis, the
results for paired variables again showed
that the VA-age pair was the most signifi-
cant. The introduction of a third variable
(weight or height), as previously observed
with BMC, did not cause a significant in-
crease in the correlation coefficient (r2) and
for this reason the regression equation for
vertebral area and child age was chosen
(BMD = 0.225 + 0.012 VA + 0.025 age, r2 =
0.72 for girls and BMD = 0.336 + 0.099 VA
+ 0.017 age, r2 = 0.55 for boys).
Discussion
The mean values of BMD in the lumbar
spine per age range obtained in our study
were equivalent to those obtained in studies
performed with a smaller group of Finnish
children (13) using similar equipment (Lu-
nar DPX, Medium mode).
The values of BMC and BMD in the
lumbar spine showed a progressive increase
with age, a kind of distribution that ap-
proached an exponential function, as also
observed by others (14). This arching rela-
tionship was determined by the variation in
the velocity of mineral gain that occurred at
different ages. After an initial period with
slight increases in BMC and BMD values,
we observed a period of rapid growth and
accumulation of bone mass in the lumbar
spine, especially striking after 10 and 11
years of age in girls and boys, respectively.
This acceleration of bone mass gain between
10 and 14 years of age, occurring later in
males, has been extensively documented in
the literature (2,7,10,11,15-18) and seems to
be associated with pubertal growth. Unfor-
tunately, Tanner pubertal state, which could
have partially explained the increase in bone
mass, could not be evaluated.
The striking increase in BMC and BMD,
reaching values similar to those expected for
young Brazilian adults (12), demonstrates
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Figure 1 - Bone mineral density (BMD) values for the lumbar spine (L2-L4) as a function of
age in female children and adolescents.
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Figure 2 - Bone mineral density (BMD) values for the lumbar spine (L2-L4) as a function of
age in male children and adolescents.
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the importance of this period for reaching an
adequate peak of bone mass. However, this
increase in bone mass variables does not
only reflect the real increase in BMD, but
also the increase of bone volume that occurs
with growth.
In DXA, like in other projection meth-
ods, BMD is calculated from the BMC ex-
pressed as g and the projected area of the
region of interest (in this case, vertebral
body) without taking bone thickness into
account. Thus, the increase in bone size
causes an unreal increase in BMD obtained
by this method. Since the vertebrae are com-
plex structures that grow in all dimensions
during childhood and adolescence, it is justi-
fiable to suppose that this method underesti-
mates the BMD value of smaller children
and overestimates that of larger ones. In
disease states in which disorders of growth
occur, this systematic error can produce dis-
tortions in the results, making the evaluation
of BMD by DXA cumbersome (19).
In order to minimize this error, Katzman
et al. (8) and Kröger et al. (10) introduced
some equations elaborated in order to obtain
corrected or volumetric BMD (vBMD),
expressed as g/cm3. Although these cor-
rected values still present distortions, the
vBMD curves obtained by these investiga-
tors showed an increase with age that was
less intense than those obtained from BMD
without correction or areal BMD. These
results confirm the limited data obtained for
vBMD in the lumbar spine using quantita-
tive computed tomography, which did not
show a significant increase with age (20) or
showed a little expansion of bone mass only
during the pubertal period (21).
In our series, we observed a strong corre-
lation between the BMC and BMD values
and weight and height in both sexes. This
close relationship between bone mass and
anthropometric variables had already been
identified in early studies by Mazess and
Cameron (22) and was later confirmed in
studies performed on bone from the appen-
dicular bone structures (19,23-28) and from
the lumbar spine (10,11,15,16,29,30).
For stepwise multiple regression analysis
we decided to additionally use the variable
VA (L2-L4) as done by De Priester et al.
(26), who considered the values of bone
width, obtained by screening, in the regres-
sion analysis when elaborating a predictive
equation for BMC values of the forearm
obtained by single photon absorptiometry.
Indeed, for multiple regression analysis
by the stepwise method, VA (cm2), chrono-
logical age (years), weight (kg), and height
(cm) were used as independent variables,
with BMC (g) and BMD (g/cm2) as depend-
ent variables. Borderline P values were
reached when only the VA and age were
considered. The use of other variables (weight
and height) after adjustment of VA and age
did not prove to be significant in predicting
BMC or BMD.
These results support the idea that corre-
lations between BMD and the anthropomet-
ric variables weight and height are mainly
due to the increase of bone dimensions dur-
ing childhood and adolescence, and confirm
that BMD depends on age and growth during
this period.
Although in the present study we ob-
tained equations for the predictive values of
BMC and BMD for children and adolescents
between 6 and 14 years of age with statistical
significance and high coefficients of correla-
tion, which permit comparisons with groups
of sick children (31), the distinctive charac-
teristics of our series call for additional stud-
ies in order to validate these equations for
application to children from other parts of
the country.
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